67 Ga) has been used for detecting various tumors 1-4) and acute and chronic inflammations, 5, 6) since the first observation of its accumulation in those lesions was reported.
Ga uptake by these tissues has not been fully elucidated. We have recently reported that Tf-unbound 67 Ga was taken up into hepatocytes of carbon tetrachloride (CCl 4 )-damaged rat liver. 10, 11) We also demonstrated that the binding affinity to transferrin (Tf) could play a crucial role in the differences of the uptake of 67 Ga and Iron-59 ( 59 Fe) by hepatocytes of partially hepatectomized rats. 12) Iron is transported in the plasma by a plasma protein, called Tf, which has high affinity for ferric iron 13, 14) Cellular iron uptake from Tf first involves the binding of Tf to Tf-receptors, which are the key surface receptors that mediate Tf-bound iron uptake. Hara reported that the binding affinity of 59 Fe to Tf was greater than that of 67 Ga. 15 ) Therefore, we investigated whether or not Tf and its receptor were involved in 59 Fe uptake by hepatocytes of CCl 4 -damaged rat liver.
The main objectives of the present study were the following: (1) to investigate whether the pretreatment of non-radioactive ferric iron (NonRI-Fe) inhibits Tf- 59 Fe binding in vitro; (2) to clarify whether the uptake of 59 Fe by the hepatocytes of CCl 4 -damaged rat liver is affected by the pretreatment of NonRI-Fe in vivo; (3) to examine whether the induction of Tf-receptor by the pretreatment of NonRI-Fe in damaged liver occurs.
MATERIALS AND METHODS

Animals
Male Wistar rats weighing 180-200 g (SLC, Hamamatsu, Japan) were kept under conditions of a 12-h light-dark cycle, 23Ϯ1°C and 55Ϯ5% humidity, and had free access to food and water. This study was conducted in accordance with the standards established by the Guidelines for Animal Experimentation of Tohoku Pharmaceutical University.
Chemicals Iron-59 chloride was purchased from PerkinElmer Life Sciences, Inc. (Boston, MA, U.S.A.). Hanks' balanced salt solution (HBSS) was purchased from Sigma (St. Louis, MO, U.S.A.). Collagenase was purchased from Nitta Gelatin (Osaka, Japan). All other reagents were purchased from Nacalai Tesque (Tokyo, Japan). Centricut was purchased from KURABO (Osaka, Japan).
Inhibition Assay of Tf-
59
Fe Binding by the Treatment of NonRI-Fe in Vitro Transferrin (Tf, 1.3 mg) was dissolved in 0.5 ml of Tris-HCl buffered saline adding 5 mM sodium bicarbonate. NonRI-Fe, 25 mmol FeCl 3 /ml saline, at a dose of 3.3 ml 5 min before the addition of 59 Fe saline solution (92.5 kBq/ml) at a dose of 6.6 ml was added. The mixture incubated for 10 min at 37°C. The mixture was centrifuged with centricut after incubation. Each radioactivity of supernatant and filtrate was determined by a well-type NaIscintillation counter (ARC-370M, Aloka, Tokyo, Japan).
Fe retained % and filtrated % were calculated as follows: retained %ϭB/Aϫ100, filtrated %ϭC/Aϫ100
A: total radioactivity (supernatant and firtrate fraction) B: radioactivity of supernatant fraction C: radioactivity of firtrate fraction Administration of CCl 4 Rats were given a 20% suspension of CCl 4 in olive oil (5 ml/kg) orally, after being fasted for 16 h. Control rats were treated similarly with equivalent amounts of olive oil alone.
The Pretreatment of NonRI-Fe and Administration of 59 Fe Each rat was intravenously injected with NonRI-Fe, 25 mmol FeCl 3 /ml saline, at a dose of 100 ml 5 min before the administration of 59 Fe. This NonRI-Fe dose was thought out by the condition of the inhibition assay in vitro. 59 Fe was diluted with saline to 92.5 kBq/ml and each rat was intravenously administrated at a dose of 200 ml. Four hours after 59 Fe administration, blood was obtained from the inferior vena cava. Urine was collected from bladder. The amount of radioactive 59 Fe was determined by a well-type NaI-scintillation counter. The uptake ratio of 59 Fe into the blood and urine were expressed using the following formula: 
Preparation of Hepatocytes Four hours after 59
Fe administration, the hepatocytes were prepared according to the method by Abe et al. 16) as follows. Rat liver was perfused at 37°C via the portal vein with 100 ml of calcium-free HBSS containing 5 mM EGTA and 10 mM N-hydroxyethyl piperadine-NЈ-2-ethansulfonate (Hepes, pH 7.4). The perfusion was continued with 50 ml of HBSS containing 5 mM CaCl 2 , 0.05% (w/v) collagenase and 0.005% (w/v) trypsin inhibitor. After the perfusion, the digested liver was suspended in 40 ml of calcium-free HBSS containing 4 mM NaHCO 3 and filtered through coarse gauze. The filtrate was centrifuged for 3 min at 50ϫg at 4°C and the pellet was washed twice with calcium-free HBSS containing 4 mM NaHCO 3 . After this, the hepatocytes were dissolved in NaOH, the radioactivity was measured by well-type NaI-scintillation counter. The results were expressed as cpm/mg protein. Protein concentration was determined according to the method by Bradford. I-Tf. 18, 19) Nonspecific binding was determined in the presence of a 100-fold excess of unlabeled ligand. After this, the hepatocytes were washed off and the cells were dissolved in NaOH, the radioactivity was measured by well-type NaI-scintillation counter. The results were expressed as pg Tf/mg protein.
Statistical Analysis The statistical significance of difference was analyzed using Student's t-test. (Fig. 1) Fe by blood (Fig. 2a) and increased the uptake by urine (Fig. 2b) . These results
RESULTS
Inhibition
Fig. 1. Inhibition of Iron-59 Binding to Transferrin by the Pretreatment of NonRI-Fe in Vitro
Transferrin and iron-59 were incubated for 10 min in the absence and presence of NonRI-Fe. After the incubation, the centrifugation with sentricut was performed as described under Materials and Methods. These experiments were repeated at least three times. (Fig. 4) . The administration of NonRI-Fe slightly increased 
DISCUSSION
We reported that Tf-unbound 67 Ga was taken up into hepatocytes of CCl 4 -damaged rats.
10) The aim of this study was to investigate whether or not Tf was involved in 59 Fe uptake by hepatocytes of CCl 4 -damaged rats.
First, we confirmed inhibition of the binding of 59 Fe to Tf by the pretreatment of NonRI-Fe in vitro (Fig. 1) . This result showed that the pretreatment of NonRI-Fe inhibited the bind- (Figs. 2a, b) . These results suggested that Tf-unbound 59 Fe occurred by the pretreatment of NonRI-Fe in vivo.
We have reported that serum ALT activity increased 1 d after CCl 4 -treatment in rats.
10 Fig. 4 showed that the pretreatment of NonRI-Fe did not highly induce the Tf-receptor of hepatocytes 1 d after CCl 4 -treatment. This result indicated that Tfunbound 59 Fe produced by pretreatment of NonRI-Fe in vivo could be also taken up into hepatocytes 1 d after CCl 4 -treatment. We previously reported that the uptake of Ga by the liver tissue and hepatocytes increased within 1 d after CCl 4 -treatment. 10) This report showed that the Tf-67 Ga complex easily dissociated on hepatocytes surface because of low affinity to Tf and the Tf-unbound 67 Ga was taken up into the hepatocytes 1 d after CCl 4 -treatment.
10) It has been reported that a critical step in cellular damage of CCl 4 -treatment is an increase in the Ca 2ϩ influx into cells. 20) The entering of 67 Ga into hepatocytes from the liver of CCl 4 -treated rats may be carried out by the same pathway as Ca I-transferrin for 60 min at 4°C Nonspecific binding was determined in the presence of a 100-fold concentration of unlabeled transferrin and amounted to less than 5% of the total binding. Each point represents the meanϮS.E. of 4-6 rats. The data were analyzed by Student's t-test. * * pϽ0.05 compared with non-pretreatment of NonRI-Fe. # pϽ0.01 compared to normal rats with non-pretreatment of NonRI-Fe. § pϽ0.01 and § § pϽ0.05 compared to normal rats with pretreatment of NonRI-Fe. lated to the number of Tf-receptor on the hepatocytes. It was reported that the level of DNA synthesis in parenchymal hepatocytes was at a maximum at 2 d after CCl 4 -treatment 21, 22) and that iron was essential for DNA synthesis. 23, 24) The 2 d after the treatment is a regenerating stage of the inflammation. In the present study, the uptake of 59 Fe by hepatocytes and the number of Tf-receptor reached to a maximum 2 d after CCl 4 -treatment. The best characterized process of iron uptake involves the specific binding of Tf to the Tf-receptor that is then internalized via receptor-mediated endocytosis. 25, 26) Therefore, the uptake of 59 Fe by hepatocytes after CCl 4 -treatment was carried out by Tf receptormediated endocytosis.
In conclusion, our data demonstrated that the uptake of 59 Fe by hepatocytes differed from that of 67 Ga and Tf was involved in that of 59 Fe. We expect that these finding could serve to analyze the inflammatory stages, disorder stage at 1 d and regeneration stage at 2 d after CCl 4 -treatment.
